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AN EVALUATION OF THE BISMUTH BLUE LINE*
HARRY M. ROBINSON, M.D.
Bismuth has been used as a ehemotherapeutie agent for many years. The first report of
its use in the treatment of syphilis was by Balzer (1) in 1889, who noted that untoward re-
actions in the form of gingivitis, bad occurred on the mucous membranes. After a lapse of
27 years, Robert and Sauton (2) again used bismuth and administered its salts intravenously
in spirochetal conditions in chickens. It was not until 1921 that Sazerac and Levaditi (3, 4)
reported their results with bismuth in humans, and threw the weight of their influence and
confidence behind the drug, quickly popularizing its use in the treatment of syphilis and
trypanosomiasis. They also mentioned reactions on the mucous membranes. By 1922, bis-
muth had replaced mercury to a great extent as a companion drug to the trivalent arsenicals
in the mixed treatment of syphilis. In 1924, the Journal of the American Medical Association
in the section entitled "New and Non-Official Remedies" (5), stated that the use of this
drug was accompanied with injurious effects and advised physicians to look for early signs
of stomatitis and the blue line.
Bismuth, although used principally in the treatment of syphilis, has been claimed to be
of value also in several skin conditions, and is often administered parenterally or orally in
chronic discoid lupus erythematosus, lichen planus, scleroderma, verrucae of various types
and granuloma annulare. Pascher et al. (6) used an oral bismuth compound (bistrimate) in
these and other skin diseases and claimed success in some and failure in others, but stated
that "a gingival bismuth line appeared in most cases; in some as early as two weeks after
therapy was initiated."
Many investigators have undertaken to determine the cause of the blue-line, and most
agree with Dean (7) that the blue-line first appears on the lingual margin of the gingivae of
the anterior teeth due to a collection of calculus which lowers the resistance of this area.
Dean further mentions that Jason, of Howard University Medical School, examined tissue
from these blue-line patients and found superficial black deposits in the squamous epithe-
hum as well as in the deeper connective tissue. Jason said the nature of the pigment was not
apparent, but it has been presumed to be bismuth, although it has never been possible to
isolate the pure element in the tissues.
Scholtz and Chaney (8) state that the blue-line is formed when soluble bismuth salts in
the tissues come in contact with hydrogen sulfide generated about the teeth, as a result of
decomposition of food, and bacteria, thereby forming bismuth sulfide.
Although the importance of the bismuth line has been minimized because of the absence
of pain, Dean realized that the patient has strong grounds for complaint, in that the pres-
ence of the blue-line mars his personal appearance, and accelerates the deposition of further
calculus.
My interest in the "blue-line" was stimulated by the complaints of a few
private patients, who, in the course of regular visits to their dentists, were ac-
cused of having syphilis, because the blue pigmentation was recognized as having
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been caused by bismuth which the dentists knew was used in the treatment of
syphilis. I decided to try to evaluate the blue-line, and to determine, if possible,
the cause and some means of control or total elimination of it. To do this, an
examination of the mouths of all patients receiving bismuth was done with the
expert assistance of members of the faculty of the University of Maryland School
of Dentistry. The latter not only charted the mouths of cooperative patients,
but removed all calculus, extracted useless, infected or carious teeth, excised
pieces of mucous membrane for biopsy purposes, and, by serial photographs, fol-
lowed the progress of the patients.
THE CALCULUS
It is this substance that most investigators have stressed as a cause of the
bismuth blue-line. In examining the mouths of 411 patients in this series, 98 of
whom were non-syphilitic, the remainder having latent syphilis, direct daylight
and the Wood filter were employed. By the Wood filter, not only could artificial
dentures be detected, but an orange fluorescence was noted at the base of the
teeth, emanating specifically from the calculus. In 1928, Van den Bergh (9) was
able to prove that it was the 'tartar' and not the teeth which showed the reddish
fluoresecence, and Derrien and Benoit (10) later determined that it was due to
the presence of porphyrins (coproporphyrin and protoporphyrin).
Taking advantage of these findings, the Wood filter was used to detect and
"clean out" all of the calculus, in order to determine whether this would remove
and/or prevent the blue-line. All of the calculus so removed was placed in sterile,
rubber-stoppered test tubes so that a comparison could be made between the
chemical compositions of calculus from patients who were receiving bismuth and
those who were not.
Glock and Murray (11) have analyzed "normal" calculus as follows:
Composition of salivary calculus
DETERMINED CALCULATED COMPOSITION
Ash 81.52 CaCO3 3.17
002 1.39 Ca3(P04)s 75.97
Protein 8.34 Mg3(P04)2 3.77
Fat 2.71 Protein 8.34
Fat 2.71
Total 93.96 Water, etc. 6.04
Total 100.00
One of 5 specimens examined showed a trace of iron (0.0196%) carbon dioxide
(1.393%) nitrogen (1.335%) and fat (2.7%).
Spectroscopic examinations* of accumulated calculus in a carbon arc (four ex-
posures at different times) from our patients who had been receiving parenteral
or oral bismuth therapy showed the following: (See graph)
* Spectrographic analysis of calculus done by Charles E. White, Ph.D. Professor of
Chemistry, School of Arts and Sciences, University of Maryland.
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High:
Calcium
Magnesium
Phosphorus
Appreciable quantity:
Silver
Iron
Aluminum
Copper
Manganese
Sodium
Potassium
Silicon
Trace:
Gold
Titanium
Nickel
But no Bismuth or Mercury.
This indicates that there is no essential difference in the calculus from patients
receiving bismuth and from those not receiving bismuth.
Mucous Membrane Tissue Examination
Biopsies were done on 36 patients who agreed to this procedure, 31 of whom
were receiving bismuth therapy at the time. The other five were used as controls
and had received no bismuth. The pieces of tissue were excised from the labial
and/or lingual surfaces of the alveolar processes. From each of the first 12 "bis-
muth" patients, one piece of tissue was excised; two pieces of tissue were ex-
cised from each of the remaining 19 patients.
The microscopic examination was done in an attempt to confirm reports of
investigators who had demonstrated bismuth in the tissue sections. The examina-
tions of the first six pieces of mucous membrane tissue, were done by general
pathologists and were prepared according to the usual routine of fixing the fresh
tissues in four per cent formalin solution, and later staining by the hematoxylin-
eosin method. Presence of bismuth was not detected in any section so prepared.
The next six were prepared and examined by Dr. Myron Aisenberg, Professor
of Pathology, University of Maryland School of Dentistry, according to the
following technic:
1—Fix the tissue immediately in absolute alcohol; do not permit to dry, nor to touch water.
2—Xylol-paraffin
3—Paraffin
4—Block
Cut any thickness desired, about 6 or S microns preferred.
Mount on slide with a tiny drop of water after egg albumen, using as little water as possible.
Dry on a heating pan.
Stain as follows:
Xylol, absolute alcohol, 95 alcohol, water momentarily, Delafield's hematoxylin, acid
alcohol, ammonia water, eosin alcohol, 95% alcohol twice, absolute alcohol and xylol,
gum damar, cover glass.
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On the 19 patients from whom two pieces each were excised, one piece was examined by Dr.
Aisenberg and the other piece by spectrophotograph.
In all of the biopsied tissue from blue-line areas except in the first six already
mentioned, the characteristic black deposits, presumably denoting bismuth (Fig.
la and ib) were seen. But, in the tissue taken from areas where there was no
visible blue-line, this same black deposit was seen in one of the next to the last
group, and in 3 of 5 of the last group. In two of the last group (without blue-line),
no black deposit was seen. It is to be noted, therefore, that bismuth or the black
Fm. 1 (a). Photomicrograph, bismuth in tissue; low power
deposit in the tissues said to be bismuth, may be found in patients who have no
blue-line and are receiving bismuth. The microscopic and spectroscopic ex-
aminations of mucous membrane tissue from patients not receiving bismuth
showed no evidence of the metal.
Specimens were examined by 3 chemists from 3 widely diverse areas: Charles
E. White, Professor of Chemistry, School of Arts and Sciences, University of
Maryland, Foster D. Snell, Ph.D., Analytical Chemist, New York, and Dr. J.
M. Vandenbelt, Physical Chemistry research section, Detroit. *
Of the five pieces of tissue taken from areas where no blue-line was visible,
and of which 3 of 5 specimens showed black deposits of bismuth in histopatho-
* Research Department, Parke, Davis & Company.
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logical sections, the spectroscopic examination by Snell showed no trace of bis-
muth. Of the next to the last group of tissue sections (8 patients), four were
from blue-line areas and 4 were from normal appearing areas. Dr. Aisenberg
found, histopathologically, bismuth deposits in all the sections from blue-line
areas and in one from a normal appearing site. Of this same group, spectrograph-
ically examined, White found a trace of bismuth in the non-blue-line tissue and
none in the blue-line piece. Vandenbelt reported of the 5 non-blue-line tissue
specimens, that "there is a faint positive smudge at the position of the most
FSG. 1 (b). Photomicrograph, bismuth in tissue; high power
persistent bismuth line; whereas sample no. 5 (from blue-line area) is more posi-
tive." All samples were positive for magnesium and calcium. In addition to cal-
cium and magnesium, White also found traces of copper, silver and iron.
Curative and Preventive Management
Each patient, after the second week of treatment with either intramuscular
injections of bismuth subsalicylate in oil or oral sodium bismuth triglycollamate
(bistrimate), was examined at weekly intervals to determine whether a blue-
line was present, or, if present, whether progress was being made in its control
or removal.
If the mouth presented an unhygienic appearance without a blue-line, a clean-
up process was instituted by the patient and by the dentist as a prophylactic
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procedure. If the blue-line was present, the clean-up process had, as its ultimate
goal, eradication or control of the blue-line so that if necessary or possible, bis-
muth chemotherapy might be continued without further ill effects.
In the course of these examinations, many unusual findings were encountered.
From the literature, one is led to believe that bismuth mouth reactions occur in
most patients. In McCarthy and Dexter's group, 80% had such reactions, and
seven of these were edentulous, as were three of ours (Fig. 5b). Feisher and Jones
(13) stated that the blue-line was seen in 92 of 150 patients. Pascher et al. (6)
reported that a gingival bismuth line appeared in 'most' of their cases taking
bistrimate.
Although many thousands of patients have been treated with bismuth in our
clinic, only the last 411 are presented for consideration because it was only re-
cently that our interest in the blue-line was aroused, and full, careful examina-
tions were recorded on charts by the dentists.
In our out-patient department, most of the patients are in the lower income
brackets and frequently cannot afford, or do not desire dental restorations or
calculus scaling. However, even in this group of patients, many of the mouths
were in good condition and without calculus.
Of those whose teeth and alveolar processes needed dental attention, we were
able to get only 42 to cooperate.
It will be seen in charts la to ig that, although the blue-line was frequently
present, it did not necessarily occur in patients with carious teeth, diseased
alveolar processes or poor oral hygiene. And inversely, many of the patients
whose mouths and teeth were in satisfactory condition, had blue-lines. It is true,
of course, that the blue-line occurred more frequently in mouths that were in
generally poor condition. Unlike the patients of Pascher et al., some of ours ob-
jected to the blue pigmentation which occasionally appeared on the hard and
soft palate and on the buccal surfaces, unrelated to the teeth. Although blue-
lines appeared more frequently around crowns (restorations), sometimes just the
opposite occurred (Fig. 5a), that is, the blue-line was absent around the crowns
but present around the other teeth.
In our prophylactic and curative repair work, calculus was removed and stored
for later spectrographic examination. Infected, decayed teeth were extracted (fig.
2a and 2b), and the alveolar mucous membrane was given necessary treatment.
Sometimes this "all-out" treatment worked (fig. 3a and 3b) (because of poor
follow-up, it is difficult to be more accurate regarding numbers) and sometimes
it did not (chart lh). Referring again to Pascher et al., there always were some
in whom everything that was done seemed wasted as far as control of the blue-
line was concerned.
In the examinations by our dental confreres, the lingual (fig. 4a and 4b) as
well as the labial mucous membrane was examined, and every trace of calculus
was removed, gingivitis and stomatitis treated and pockets of bacteria cleaned
out; yet for some reason, the blue-line frequently persisted.
Even in our prophylactic treatment group, some cases of blue-line occurred.
For purposes of avoiding metal scrapers (peridontal scalers) and of evaluating
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FIG. 2 (a). Blue line around crowns and central and lateral incisors
FIG. 2 (b). After clean-up process, blue line temporarily removed
FIG. 3 (a). Note blue line on central and lateral incisors, and carious tooth
FIG. 3 (b). After clean-up process and extraction; blue line removed
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FIG. 4 (a). Note blue line on labial surface. Photographed through mirror
FIG. 4 (b). After clean-up process; blue line removed
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FIG.5 (a). Note lack of bismuth line around crown. Bismuth line at right lateral and cuspid
FIG. 5 (b). Bismuth line—edentulous mouth
a
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chemical aids for the removal of calculus and the blue-line, a group of 15 pa-
tients with calculus and blue-line were treated with 30% hydrogen peroxide
(superoxol) (14). This did remove the blue-line by its caustic or destructive ac-
tion in 10 of the 15 patients, but in 5 of these the pigmentation recurred as the
bismuth was continued. Furthermore, the patients complained of more pain from
the applications of 30% hydrogen peroxide than from the metal scalers.
FIG. 6. Spectrophotograph of calculus from patients receiving bismuth
Urinalysis
Complete urinalyses were done on 44 of the blue-line patients having syphilis.
None were catheterized specimens. Of these, only 4 have shown any abnormal
changes, and none were of a serious nature. Two had a 1—2+ albumin, and a few
granular casts, one was positive for sugar and albumin with no casts reported.
The remainder are normal, making +9 per cent showing abnormal changes.
There were 78 office patients who received intramuscular and oral bismuth, and
of those, one had a 1+ sugar, and 2+ albumin, and one had a trace of sugar.
There were no casts.
SUMMARY AND CONCLUSIONS
An attempt to evaluate the blue-line was made, and 411 patients receiving
intramuscular and oral bismuth were examined. In this group, there were 98
non-syphilitic patients with dermatoses, and 313 with latent syphilis. Of the 411
patients, 172 did not develop a blue-line, although the number of treatments
ranged from 1 to 32.
In many with poor hygiene and calculus, there was no blue-line. In some of
those in whom corrective measures were instituted (such as removal of calculus,
extraction of decayed teeth, treatment of gingivitis and the blue-line), the pig-
mentation did disappear only to recur a week or more later, with continuation of
bismuth therapy. In about 20% of those thoroughly scaled and otherwise treated,
the blue-line could not be removed.
Histopathologically, bismuth was reported present in all sections from blue-
line patients (as reported by Dr. Aisenherg). It is worthy of note, however, that
this same black deposit was reported present in tissue where the blue-line was
not present, indicating that the presence of bismuth in the tissues does not neces-
sarily produce a blue-line.
Spectrographically, bismuth was reported present in tissues from both blue-
line and non-blue-line areas, more frequently in the former.
Histopathologically and spectrographically, bismuth was not found in even the
minutest amount in the tissues of patients not receiving bismuth.
One case, not above recorded, seems worthy of note. This patient reacted with
a bluish pigmentation covering the buccal surfaces, the alveolar processes and
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the palate after one day of bistrimate. Treatment was discontinued for two weeks.
The pigmentation disappeared. The same treatment was resumed, but the reac-
tions did not occur. The mouth was in good hygienic condition.
The presence of calculus, gingivitis, stomatitis and poor oral hygiene does not
always indicate that a blue-line will be found in bismuth treated patients. And
in many of our patients, the blue-line appeared in mouths of good hygiene and
in edentulous mouths.
Kidney involvement (albumin, casts, etc.) did not occur any more frequently
in blue-line patients than in the average group of patients.
In some, bismuth therapy could be continued while oral hygiene was kept up;
in others, the blue-line persisted, despite attempts to clean-up the mouth.
From this study, it appears possible that the blue-line is due to a hypersen-
sitiveness, and that calculus, gingivitis, stomatitis, trauma from crowns (restora-
tions) or poor oral hygiene act only as contributing or precipitating factors in
some patients.
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DISCUSSION
Da. STEPHEN ROTHMAN. (Chicago): Early in this century Almkvist demon-
strated that the mercury line is due to formation and deposition of mercuric
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sulfide. It was assumed that this deposit and the subsequent stomatitis develop
because of abnormal bacterial activity in the sockets of the alveoli with hydrogen
sulfide formation. In 1926 I demonstrated by chemical analysis in animal ex-
periments that the blue bismuth line consists of bismuth sulfide. *Dr. Robinson's
results are rather surprising. I still believe that the chance for development of
mercury and bismuth line and stomatitis is much greater if the mouth hygiene
is poor, particularly if severe caries is present. I often saw mercurial or bismuth
line and stomatitis localized around carious teeth.
DR. ROBINsoN: No, it is true, Dr. Rothman, that bismuth sulfide is formed
from the sulfides in the mouth from food and bacteria, and that statement is in
the body of the paper. I just could not take that much time.
The only thing that seemed so peculiar to me was that even with the aid of
dentists and the patient, we were not able to eradicate whatever was causing
it. Now, it is claimed it is caused from food and from bacteria and, of course,
eggs are a primary source of sulphur. But no matter how much cleansing we did,
with scaling, the patient still retained the blue line.
It is probably due to a sulfide. But very often the source cannot be touched.
It cannot be removed, and why, I do not know. Unless it is due to a hypersen-
sitization.
* (Kim. Wochenschr. 5: 943—944, 1926)
